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Introduction
Piggyback basins formed above active thrust faults have the potential to provide a detailed record of the evolution of the underlying thrust system. In the absence of reliable chronologies, however, the temporal spacing of these events, the duration of gaps in the record, and the rates of processes remain largely unknown. Terrestrial strata are often characterized by a sparse fossil record and a paucity of strata suitable for isotopic age determinations. In such situations, chronologies based on magnetic polarity stratigraphy can provide the requisite tem- Talling 1992 ). Prior to this study, however, the chronology of deposition and deformation has only been loosely defined.
Methods and Remnance Characteristics
At each site in the three sections (figure 2), 3-4 oriented samples were collected from siltstone, limestone, or mudstone. The sampling procedure was similar to that of Johnson et al. (1975) . Sections were measured using a Jacob's staff and Abney level. A site spacing of 5-8 m was typically achieved. In an attempt to clarify ambiguous areas of polarity stratigraphy, the Axhandle Canyon section, with 94 sites, and the Petes Canyon section, with 140 sites, were intensively resampled on two occasions subsequent to their initial sampling. Hobbs (1989) provides an interpretation of the data available after an initial set of resampling. The Boiler Canyon section, with 41 sites, was only sampled once, and thus its polarity stratigraphy is less well defined. Marker beds were used to correlate the three individual sections to produce a single, composite magnetic polarity stratigraphy.
A combination of laboratory unblocking-temperature spectra, alternating-field coercivity spectra, and acquisition and thermal demagnetization of isothermal remnant magnetization (IRM) was utilized to investigate the magnetic mineral phases present. Within the North Horn Formation, abrupt facies changes, together with paleopedogenic evidence of a fluctuating water table (figure 3), suggest that there was potential for forming both authigenic and detrital mineral suites. The finite number of pilot samples demagnetized in detail necessarily underestimate the variety of these mineral suites.
The Natural Remnant Magnetism (NRM) of most rock types is characteristically weak, particularly in the calcareous mudstones of the Petes Canyon section. Intensities of 1 x 10-3 to 2 x 10-4 A/m are common and begin to approach the sensitivity of the cryogenic magnetometer. Weakly magnetized samples often provided inconsistent demagnetization behavior at the site level. Such sites, which constituted 31% of the total, were not used in generating polarity stratigraphies. A weak signal is also noted in the only previous paleomagnetic study of North Horn Formation deposits, at the type section 50 km east of the Gunnison Plateau (Tomida and Butler 1980). The regionally low magnetic intensities may be related in part to a lack of volcanic input and to source area dominance by carbonate-rich strata.
Laboratory unblocking-temperature spectra suggest that there are three major components contributing to the magnetic signal ( figure 4a,b,c) . These are (a) a component removed by 150-2500C, (b) one removed between 150-250°C and 450-550°C, and (c) a component removed above 550°C. Often all three components are present in the same sample. The respective laboratory unblocking temperatures of the three components suggest that (a) is goethite, (b) is titanomagnetite or magnetite, and (c) is hematite.
A limited number of alternating-field demagnetization results display only two clear components. These components have coercivities of (a) <25 mT, and (b) 25-80 mT (figure 4d, and Hobbs 1989). These coercivities also support the presence of the goethite and of the titanomagnetite or magnetite components.
IRM acquisition data also provide evidence of variable mineralogies. Sample PC602 shows saturation of the induced signal occurring by 300 mT Tournal of Geology to improve the quality of the paleomagnetic data significantly. The lower part of the Axhandle Canyon section (0-190 m, figure 6) is laterally equivalent to meters 340-500 in the Petes Canyon section (figure 7). The Axhandle Canyon samples, however, displayed consistently higher NRM intensities and a higher percentage of Class 1 sites (figures 6 and 7). Because this trend appears to be largely independent of lithology, we speculate that the Axhandle section was closer to the basin margin and received a higher terrigenous detrital input.
The strata that yielded the most consistent results were orange-or red-stained siltstone and mudstones containing a high intensity hematite component. However, because the timing of that hematite component is poorly constrained, the polarity calculations obtained from these hematitebearing strata are considered equivocal. Measurement Strategy. This study attempted to isolate the remnance direction of the titanomagnetite or magnetite component of assumed detrital origin. The hematite component, in contrast, is more likely to be authigenic, and postdates deposition by some unknown time. Following the pilot studies, all remaining samples were stepwise thermally demagnetized between 2000 and 350°C. The resulting magnetization directions at each site were averaged using 3-4 specimens at a single temperature step. Fisher (1953) Although it is possible that post-depositional overprinting by hematite could have obscured the original detrital signal in some cases, the repeated occurrence of lithologically independent magnetozones of consistent polarity, the presence of reversal boundaries within apparently homogeneous lithological units, and the replication of polarity patterns between stratigraphically correlative parts of spatially separated sections (except as noted below) strongly suggests that the polarity pattern developed here closely mimics field polarity as recorded at the time of deposition.
Results. Despite uncertainties related to weak sample intensities and the age of acquisition of the hematite-dominated remnance, the three sampled sections produce a series of both normal and reversed polarity zones typically defined by several sites (figures 6-8). A single composite polarity stratigraphy was produced for the North Horn Formation by correlating the three individual stratigraphies (figure 9). Correlation was achieved with confidence of ± 10 m using traceable marker beds (figures 3 and 9). An instructive test of the reliabil- that involve cover rocks and account for the majority of total thrust belt shortening (figure 12). The timing of motion on the Gunnison and Absaroka thrust systems is identical within dating uncertainties. These periods of motion occurred during, or very shortly after, emplacement of the major thrust sheets to the west, but before shortening on structures to the east (figure 12). The potentially earlier age of initial thrusting in NE Utah, and the basement-involved character of the San Rafael structure, are the most significant differences between the two localities. There are also broad similarities in the passive margin stratal wedge that the thrust belt at both localities were developed within.
The sychroneity of deposition and erosion above the Absaroka and Gunnison thrusts between 84 and 60 Ma is surprising, as these localities occur in entirely different salients of the Sevier thrust belt (Allmendinger et al. 1986 ; Cross 1986). Whether a locality above a thrust is net-erosional or net-depositional is likely to reflect a balance between flexural subsidence and structural uplift. Estimates of total shortening of -30 km on the Absaroka thrust (DeCelles 1994) are significantly greater than those of ~-5 km for the Gunnison thrust system (Lawton 1985) . Presumably greater flexural loading adjacent to the Absaroka thrust offset a greater structural uplift, although differences in the angles of the thrust faults underlying the two basins may also have been a factor.
The broadly uniform evolution of the thrust wedge, comprising of different thrust systems located over 300 km along strike, suggests that the contractional stresses driving the thrust wedge were also uniform over this distance. Evolution of the thrust wedge is demonstrated to consist of episodes of reorganization, by motion on multiple thrust structures, separated by periods of quiescence. These episodes may result from exceeding critical thresholds for wedge development, or from fluctuations in the magnitude of contractional stresses driving the thrust belt. The period of these episodes is typically around 5 m.y.
